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Abstract. The electrical characteristics of cassava peel can be detected by using a pair of 
electrodes, Cu and Zn. Measurement of electrical characteristics is done when the cassava 
peel is given a 5 watt LED load and when the load is removed. Cassava peel are used in 
two different ways: fermented and non-fermented. The electrolyte cell used consisted of 20 
cells, assembled in three different types: 20 series, 10 series with 2 parallel, and 5 series 
with 4 parallel. The volume of each cell's paste is 200 ml. The measurement results show 
that the 20 series circuit produces the greatest electrical voltage, but the electric current is 
small and the resistance is large. While the series with 20 cells and 5 series with 4 parallel 
obtained maximum power. The cassava peel which were fermented for 72 hours can 
increase the electrical power generated from the three types of circuits. 
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1 Introduction 
Electrical energy source is a basic human need that continues to increase. The limited 
conventional electric energy sources require us to find a variety of alternative energy sources 
that are safe and environmentally friendly. One of the abundant natural resources in Indonesia 
and potentially as a source of electrical energy is cassava peel waste. Cassava peel contains as 
much as 16.72% carbohydrates which can form acetic acid (CH3COOH) and cyanide acid 
(HCN). The acid solution is one of the electrolytes that can generate electric current, so it is 
very possible that cassava peel can produce electric current. To find out the electrical 
characteristics of cassava peel two electrodes are going to be used, namely zinc (Zn) and copper 
(Cu). 
One way to produce electrical energy sources is by electrochemical reactions. Electrochemical 
reactions can occur through two electrodes with a potential difference and are in the electrolyte 
[1]. The electrical energy generated depends on the type of electrolyte solution and the 
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electrode. It also depends on the type of material and the modification of the electrode’s 
dimensions. 
Research to determine the electrical effects caused by variations in electrode materials using 
electrolytes in addition to chemical solutions has been carried out [2-7]. Utilized citrus fruit 
waste as an electrolyte, which were carried out by utilizing used batteries with banana peel 
waste and durian as an alternative energy source. Banana peels contains carbohydrates that can 
form ethanol. Afterwards, ethanol will be oxidized to ethanoic acid or acetic acid. Acetic acid is 
one type of electrolyte [8-13] performed a different variation on the fermentation time which 
uses banana peel solution as an accu cell electrolyte solution. The longer the fermentation time, 
the more acidic the material becomes which is indicated by the decreasing pH value. The 
decrease in pH value is caused by the increasing activity of microorganisms in the material, 
which causes organic compounds to oxidize and turns into carbon dioxide by directly 
transferring electrons [14-17] conducted an electrical characteristics analysis using various types 
of cassava and cassava peels in the form of solution so that it could be used to charge cellphone 
batteries. The analysis that has been carried out shows that cassava skin is capable of producing 
electrical power from Cu-Zn electrodes and is able to turn on 1.2 watts of LED. During the test, 
a cellphone battery was charged. However, it did not increase the cellphone's life time by long 
period of time because the current was small. Therefore, it is necessary to do further research to 
get a greater current and power that is by giving fermented cassava skin treatment and changing 
the cell circuit from the series into parallel electricity, fermentation, cassava peel. 
2 Materials and Methods 
The research consisted of two steps, namely designing and creating the test media of cassava 
peel’s electrical characteristics, then testing the electricity characteristic of the cassava peel. The 
chamber is made of acrylic material which is turned into a box to accommodate cassava peel. 
The box length was 10 cm, with width of 6 cm wide, and height of 7 cm. After that, a pair of 
electrodes (Cu-Zn) was assembled with a height of 8 cm and a width of 5 cm, each cell will be 
inserted to 200 ml cassava or cassava peel paste. Then, the cell containing the pair of electrodes 
is arranged in series of up to 20 cells. The media design for testing the electrical characteristics 
of cassava peel in this study can be seen in Figure 1. Cassava and cassava peel was cleaned and 
then was processed into paste by using a blender with a little water. Afterwards, cassava peel 
paste is put into the media tests that were previously made, then it was tested by giving a 5 watt 
LED circuit load for 24 hours then it was measured every 2 hours. There were two different 
types of cassava peels which were used, first is without fermentation and second is cassava 
peels with 72 hours fermentation. The test is carried out by measuring the electrical 
characteristics of cassava peel when the load is removed (Vbl), when using the load (Vb) and the 
current (I) produced, as shown in Figure 2. 
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Figure 1. (a) Media design of the test site, (b) Measuring the voltage at load removed (Vbl), (c) 
Current Measurement (I), (d) Current voltage measurement use load (Vb) 
Data collection was carried out by using 20 cells arranged in 20 series, 10 series with 2 parallel, 
and 5 series with 4 parallel. Before retrieving the data on electrical characteristics, it will also 
retrieve the authentic data by using a pH meter.  
3 Result and Discussion 
 The first electrical characteristics testing of the cassava peel is the testing of the electrical 
characteristics of the voltage when released and Vbl and with the load (Vb), and the electric 
current strength (I) using the Cu-Zn electrode. The results of testing the electrical characteristics 
of cassava peel are presented in Table 1 up to Table 6. 
Table 1. Electrical characteristics of fermented cassava peel of 20 cell series 
Time 
(Hour) 
Vbl 
(Volt) 
Vb 
(Volt) 
I 
(mA) 
P 
(mW) 
Rin 
(kΩ) 
0 12.27 7.42 0.28 2.07 17.32 
2 10.82 7.38 0.23 1.69 14.96 
4 10.51 7.36 0.21 1.54 15.00 
6 10.34 7.35 0.19 1.39 15.73 
8 10.27 7.33 0.18 1.32 16.33 
10 10.19 7.31 0.17 1.24 16.94 
12 10.11 7.29 0.16 1.16 17.62 
14 10.04 7.27 0.14 1.02 19.78 
16 10.09 7.30 0.15 1.09 18.60 
18 10.14 7.32 0.16 1.17 17.62 
20 10.02 7.33 0.17 1.25 15.82 
22 9.89 7.31 0.17 1.24 15.18 
24 9.47 7.30 0.16 1.17 13.56 
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Table 2. Electrical characteristics of fermented cassava peel of 20 cell series 
Time 
(Hour) 
Vbl 
(Volt) 
Vb 
(Volt) 
I 
(mA) 
P 
(mW) 
Rin 
(kΩ) 
0 10.90 7.50 0.62 4.65 5.48 
2 10.53 7.46 0.51 3.80 6.02 
4 10.47 7.44 0.48 3.57 6.31 
6 10.34 7.41 0.44 3.26 6.65 
8 10.23 7.40 0.38 2.81 7.45 
10 10.08 7.40 0.31 2.29 8.64 
12 10.01 7.39 0.27 1.99 9.70 
14 9.89 7.38 0.23 1.69 10.91 
16 9.68 7.36 0.19 1.39 12.21 
18 9.44 7.35 0.21 1.54 9.95 
20 9.34 7.34 0.19 1.39 10.52 
22 9.21 7.33 0.18 1.32 10.44 
24 9.13 7.32 0.17 1.24 10.65 
Table 3. Electrical characteristics of cassava peel without fermentation with 20 cells, arranged 
in 10 series and then paralleled in 2 
Time 
(Hour) 
Vbl 
(Volt) 
Vb 
(Volt) 
I 
(mA) 
P 
(mW) 
Rin 
(kΩ) 
0 6.15 3.75 0.58 2.17 4.14 
2 5.46 3.68 0.48 1.76 3.71 
4 5.27 3.63 0.43 1.56 3.81 
6 5.19 3.62 0.39 1.41 4.02 
8 5.14 3.61 0.37 1.33 4.14 
10 5.09 3.60 0.35 1.26 4.26 
12 5.06 3.60 0.33 1.18 4.42 
14 5.03 3.61 0.29 1.05 4.89 
16 5.04 3.61 0.31 1.12 4.61 
18 5.05 3.62 0.32 1.16 4.47 
20 5.04 3.61 0.33 1.19 4.33 
22 5.02 3.61 0.34 1.23 4.15 
24 4.96 3.60 0.33 1.19 4.12 
Table 4. Electrical characteristics of cassava peel fermented with 20 cells, arranged in 10 series 
and then paralleled in 2 
Time 
(Hour) 
Vbl 
(Volt) 
Vb 
(Volt) 
I 
(mA) 
P 
(mW) 
Rin 
(kΩ) 
0 5.47 3.77 1.18 4.44 1.44 
2 5.32 3.74 1.02 3.81 1.55 
4 5.27 3.72 0.83 3.09 1.87 
6 5.23 3.71 0.71 2.63 2.14 
8 5.19 3.70 0.63 2.33 2.36 
10 5.14 3.70 0.56 2.07 2.57 
12 5.08 3.70 0.49 1.81 2.82 
14 5.01 3.69 0.43 1.59 3.07 
16 4.93 3.68 0.39 1.43 3.20 
18 4.85 3.68 0.37 1.36 3.16 
20 4.78 3.68 0.35 1.29 3.14 
22 4.65 3.68 0.32 1.18 3.03 
24 4.54 3.67 0.30 1.10 2.90 
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Table 5. Electrical characteristics of cassava peel without fermentation with 20 cells, arranged 
in 5 series then paralleled in 4 
Time 
(Hour) 
Vbl 
(Volt) 
Vb 
(Volt) 
I 
(mA) 
P 
(mW) 
Rin 
(kΩ) 
0 3.07 1.86 1.07 1.99 1.13 
2 2.72 1.85 0.93 1.72 0.94 
4 2.68 1.84 0.82 1.51 1.02 
6 2.67 1.84 0.74 1.36 1.12 
8 2.65 1.83 0.65 1.19 1.26 
10 2.62 1.82 0.59 1.07 1.36 
12 2.58 1.82 0.55 1.00 1.38 
14 2.54 1.81 0.53 0.96 1.38 
16 2.56 1.81 0.57 1.03 1.32 
18 2.59 1.82 0.62 1.13 1.24 
20 2.55 1.83 0.65 1.19 1.11 
22 2.49 1.82 0.63 1.15 1.06 
24 2.37 1.81 0.61 1.10 0.92 
Table 6. Electrical characteristics of cassava skin fermented with 20 cells, arranged in 5 series 
and then paralleled 4 
Time 
(Hour) 
Vbl 
(Volt) 
Vb 
(Volt) 
I 
(mA) 
P 
(mW) 
Rin 
(kΩ) 
0 2.75 1.88 2.43 4.57 0.36 
2 2.64 1.86 2.02 3.76 0.37 
4 2.62 1.85 1.88 3.48 0.41 
6 2.59 1.85 1.72 3.18 0.43 
8 2.56 1.85 1.45 2.68 0.49 
10 2.53 1.85 1.18 2.18 0.58 
12 2.51 1.85 1.02 1.89 0.65 
14 2.48 1.84 0.90 1.65 0.71 
16 2.44 1.84 0.84 1.54 0.71 
18 2.41 1.84 0.81 1.49 0.70 
20 2.38 1.84 0.75 1.38 0.72 
22 2.35 1.84 0.69 1.27 0.74 
24 2.31 1.83 0.63 1.15 0.60 
 
Based on the potential value reduction of the voltaic series shows that copper has a potential 
difference of +0.34 V, while zinc has a potential difference of -0.76 V. Therefore, the potential 
difference resulting from the second series of electrodes is 1.10 V. Meanwhile, the results of the 
study yielded an average maximum electric potential value of one cell in the no-load cassava 
peel of 0.61 V. 
The test when cells are arranged in series resulted in a no-load voltage (Vbl) and a voltage with 
load (Vbl) is greater than the one in parallel. This is consistent with research related to the use of 
electrolyte biomass as a battery [18-20] which shows that the increasing amount of biomass 
electrolyte cells can increase the voltage electrical characteristics. 
The second test is a test on electrical characteristics of cassava peel when given a load (Vb). The 
load used in this test is a LED with a large 5 watt load. The results of testing the electrical 
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characteristics when using a load (Vb) shows that although the voltage decreased but it is quite 
stable for 24 hours. Testing the electrical characteristics of the electric current (I) when using 
the load; it appears that as long as the LED lights up the electric current, it will decrease with 
duration of usage. The decrease in current generated during the test occurs because the 
electrolyte used has decreased ionization, which means that the ions in the electrolyte have not 
been able to maximally deliver electric current. This indicates that cassava peel naturally 
undergoes a decomposition process of the ions contained. Measured electrical power based on 
voltage and current characteristics, cassava peel electrolytes that have been fermented for 72 
hours is greater than without fermentation. The biggest electric power for non-fermented 
cassava peel electrolyte with 20 cell series is 2.07 mW, arranged in 10 series then paralleled in 
2: 2.17 mW, and assembled in 5 series then paralleled in 4: 1.99 mW. While, the electrolytic 
power of fermented cassava peel arranged in 20 cell series: 4.65 mW, strung in 10 series then 
paralleled in 2: 4.44 mW, and assembled in 5 series then paralleled 4: 4.57 mW. This is 
consistent with the research of Hendri et al [8] which stated the longer the fermentation time, 
the more acidic the material gets. The increase in electrolyte acidity was shown by the decrease 
of electrolyte pH of non-fermented cassava peel 6.7 and after fermentation 4.6. 
Afterwards, the electrical characteristics of the barriers (Rin) in cassava peel was tested. The Rin 
achieved from the test the result of a reduction between the voltage when the load is released 
and the voltage using the load then divided by the current. The electrical characteristics of the 
internal resistance (Rin) will increase along with a huge decrease in the electrical current 
produced. The resistance in the resulting series of fermented cassava peel electrolytes is smaller 
than without fermentation. The smallest resistance (Rin) for non-fermented cassava peel 
electrolyte are as follows, 20 cell series configuration: 13.562 kΩ, assembled in 10 series then 
paralleled in 2: 1.44 kΩ, and assembled in 5 series then paralleled in 4: 0.92 kΩ. Whereas, the 
least resistance in (Rin) of electrolytic fermented cassava peel are as follows, assembled with 20 
cells of series: 5.48 kΩ, assembled together in 10 series and then paralleled in 2: 1.44 kΩ, and 
assembled in 5 series then paralleled in 4: 0.36 kΩ. 
4 Conclusion 
Based on the results of the research and analysis that has been carried out, it can be concluded 
that cassava peel paste is able to produce electrical power using Cu-Zn electrodes and is able to 
turn on 5 watts of LED. In order to increase current and electric power also at the same time 
reduce internal resistance, cell circuits can be made in series and parallel modification. 
Fermented cassava peel paste can increase the electrical power produced. Deep barriers in 
cassava peel cells are large enough so that further research is needed to overcome the deep 
barriers in cassava peel cells which can ultimately increase the electric current. 
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